The species of 136 strains of acid-fast bacteria isolated from swine with mycobacteriosis were identified by numerical taxonomy and chemotaxonomy on the basis of mycolic acid subclass composition as members of the Mycobacterium avium-M. intracellulare (MAI) complex. The isolates were further classified by using both thin-layer chromatography of the antigenic glycopeptidolipids (GPL) 256:6817-6822, 1981). With these antigenic GPL, the thin-layer chromatographic behaviors of the alkali-stable lipids of the above-described isolates were examined. These MAI complex isolates fell into the serotype 8 (85 strains), 4 (33 strains), and 9 (7 strains) and untypeable (11 strains) categories. Furthermore, an enzyme-linked immunosorbent assay (ELISA) based on type-specific glycolipid antigens and infected swine sera was used to diagnose the serological types of the MAI complex isolates. Of 14 cases typed by both the seroagglutination reaction and thin-layer chromatography, 13 showed clear agreement with the ELISA results. The results demonstrated that ELISA using infected sera was especially useful, and it can be recommended on the basis of simplicity, sensitivity, and specificity as an adjunct to the seroagglutination test and thin-layer chromatography for identification of mycobacteria belonging to the MAI complex.
The Mycobacterium avium-M. intracellulare (MAI) complex, long known as a pathogen for birds and other domestic animals (7, 21) , has also been recognized as a ubiquitous organism capable of causing chronic nontuberculous mycobacteriosis in humans (13, 17, 20, 23, 25, 30) . Especially in Japan, among the human-pathogenic mycobacteria other than tuberculous bacilli, the highest incidence of MAI complex infection has been reported so far (26, 27) . Furthermore, the startling finding in recent years that a variety of MAI complex strains are responsible for disseminated infections in many patients with acquired immunodeficiency syndrome (13) has resulted in renewed interest in these mycobacteria. However, since it takes several weeks for the growth of these groups of slowly growing mycobacteria, it is not easy to identify the species or serotypes quickly and precisely by the usual numerical and biochemical criteria. Schaefer (22) first developed a seroagglutination test for identification and classification of the MAI group, and this test was successful in distinguishing 28 serovars within the MAI complex. However, the results of the test were sometimes confused by autoagglutination and cross-reactions within the complex. Tsang et al. (25) further emphasized the need to use both thin-layer chromatography (TLC) and serological analysis when the epidemiological aspects of nontuberculous myco-* Corresponding author. bacteria are examined, and they also analyzed the structures of C-mycosidic-type glycopeptidolipid (GPL) antigens from some serovars in the MAI complex (1) (2) (3) . However, it is sometimes difficult to determine the serotype by the Rf values of antigenic GPL on TLC plates only and to apply those techniques to clinical diagnosis, because it takes much longer to extract and analyze GPL from clinical isolates.
In this study, we used not only the usual numerical taxonomy but also the TLC patterns of mycolic acids for identification of mycobacterial species isolated from swine, as well as alkali-stable antigenic glycolipids for serovar identification. Furthermore, 14 cases of mycobacterial infection and 4 cases of nonmycobacterial etiology were examined for antibodies to the serotype-specific antigenic GPL (1-3) of MAI complex isolates by direct enzyme-linked immunosorbent assay (ELISA).
MATERIALS AND METHODS Growth of bacteria. Liver or spleen samples were ground aseptically and treated with 1% NaOH for 30 min at 37°C. After the major non-acid-fast organisms were killed, the samples were inoculated onto 1% Ogawa egg medium and grown in a shaking culture in Dubos medium or 7H9 broth at 37°C for 3 weeks, until the early stationary stage of growth was achieved, and then they were harvested by centrifugation. After the free lipids were extracted, the cell wall-bound residues were hydrolyzed with alkali (10% KOH) or acid (6 N HCl) at 90°C for 2 h. The fatty acid methyl esters were prepared with benzene-methanol-H2SO4 (10:20:1 [vol/vol/ vol]) and extracted with n-hexane. The mycolic acid methyl esters were separated by a thin-layer plate of silica gel G with a solvent system of n-hexane-diethyl ether (80:20 [vol/vol] ). The fatty acid methyl esters were detected by charring the plate at 180°C for 30 min after spraying it with 50% H2SO4. Characterization of antigenic GPL for serotypes 4, 8, and 9 was done by negative fast-atom bombardment-mass spectrometry with a JEOL JMS-HX100 apparatus equipped with a fast-atom bombardment ionization source using triethanolamine as a matrix.
Preparation of reference antisera. Rabbit antisera were prepared by the modified schedule of Good and Beam (6) , which is to inject 0.2 ml of the heat-killed bacterial suspension in phosphate-buffered saline into the marginal veins of male rabbits on day 1, 0.4 ml on day 3, 0.6 ml on day 7, 0.8 ml on day 10, and 1.0 ml on day 14 and to exsanguinate the animals on day 21 by cardiac puncture.
ELISA. ELISA was conducted by the modified method of Yanagihara et al. (30) . Absolute ethanol was added to the serotype-specific GPL from standard strains (0.2 mg/ml) and sonicated in a sonic bath at half power until they appeared to be homogeneous. A 50-pul sample of the lipid suspension was added to 96-well microtiter plates. Plates were dried overnight and blocked for 10 min with phosphate-buffered saline-0.1% Tween 80 (50 pul per well). Swine serum (25 pul) diluted in phosphate-buffered saline-0.1% Tween 80 was added to the each well. Plates were incubated for 30 min in a humid chamber at room temperature. Serum was removed by aspiration, and plates were washed four times for 5 min per wash. Peroxidase-linked anti-swine immunoglobulin G in phosphate-buffered saline-0.1% Tween 80 (1/500; 50 pli) was added to each well and incubated for 45 min. Four additional 5-min washes were performed with phosphate-buffered saline-0.1% Tween 80 (50 pul per wash). A substrate mixture (citrate-phosphate buffer-H202-o-phenylenediamine; 50 pil) was distributed into the wells, and the plate was incubated at 37°C in the dark for 15 min. The color A492 to A630 was read on an ELISA reader (Corona MTP-100). (9) and other researchers (14) . In this survey, the 136 slowly growing strains gave three major components: a-mycolic acid, ketomycolic acid, and dicarboxymycolic acid (Fig. 1, M1 , M2, and M3, respectively). Therefore, we identified all 136 strains as belonging to the MAI complex.
RESULTS

Identification
Determination of serotypes of MAI complex isolates by the TLC profiles of antigenic GPL and the seroagglutination test.
These 136 strains were further classified by using both the TLC patterns of the alkali-stable GPL of the bacteria (4, 25) (Fig. 2) and the seroagglutination test (10, 22) . On TLC, the Rf values of GPL from 85 strains coincided with that of the GPL of the serotype 8 standard, those of GPL from 33 strains coincided with that of the GPL of serotype 4, and those of GPL from 7 strains coincided with that of the GPL of serotype 9. The Rf values of GPL from 11 strains did not coincide with those of known standards. The results of seroagglutination tests were essentially the same. Therefore, these strains fell into the serotype 8 (85 strains), 4 (33 strains), and 9 (7 strains) and untypeable (11 strains) categories, respectively.
Diagnosis of serotypes by antisera of swine infected with MAI complex organisms. Subsequent work led to rapid identification of MAI complex serovars by ELISA by using antigenic glycolipids from standard strains (serotypes 4, 8, and 9) in the solid phase and 14 infected swine serum samples.
To confirm the structure of the type-specific glycolipid antigen, negative fast-atom bombardment-mass spectrometric analysis of GPL antigens of serotypes 4, 8, and 9 was performed. The negative fast-atom bombardment-mass spectrometric spectra of the serotype 4-specific GPL antigen with a matrix of triethanolamine showed the most prominent quasimolecular ion (M-1) at an m/z of 1,668 (indicating that the most abundant fatty acyl moiety was C34:1) and M-161 (13) . Similarly, the most prominent quasimolecular ion (M-1) was observed at an m/z of 1,626 for the serovar 8 glycolipid and at an m/z of 1,872 for the serovar 9 glycolipid. The reactions between each of the GPL antigens from the standard strains and rabbit antiserum are shown in Table 1 . Homologous antisera diluted more than 300-fold reacted distinctively against GPL antigen, and a high specificity existed in the ELISA. In contrast, some cross-reaction was observed in the seroagglutination test (Table 2) . ELISA titers to the GPL antigen with 14 infected swine serum samples were determined (Fig. 4) . In sera from infected animals, titers were distinctively higher than in normal control sera. Serum samples 662, 857, 858, 894, 832, 879, 811, 610, 611, 659, and 883 reacted significantly with serotype 8 antigenic GPL and negligibly (or to a minor degree) with serotype 4 or 9 GPL antigen (Fig. 4) . On the other hand, serum sample 584 reacted with serotype 4 antigen only. In contrast, serum samples 882 and 690 reacted with antigens 4, 8, and 9 to similar extents, and it was difficult to determine the serotype with infected swine sera in these cases. Control sera showed essentially low responsiveness with the same serum dilution. Of 14 isolates that were typed by both the seroagglutination test and TLC, 13 showed clear agreement with the ELISA results (Table 3) . With serum samples 808 and 848 (data not shown), we suspected mycobacteriosis on the basis of naked-eye inspection, but the titers for three GPL antigens were actually low. Antisera diluted 80-fold showed an optical density of only 0.129 in an ELISA against homologous antigens. We found no typical tuberculous lesions by histological examination, nor did we detect acid-fast bacteria after 6 weeks of incubation. These results indicate that the ELISA using antisera of infected animals to the purified type-specific GPL is particularly useful for reliable and rapid differential diagnosis.
DISCUSSION
Many mycobacterial species are widely distributed (18) (19) (20) (21) 28) , and some of them are recognized as important pathogens for humans or domestic animals. Among these pathogenic mycobacteria other than M. tuberculosis, MAI complex infections account for 80% or more. Therefore, species (11, 12) . On the other hand, chemotaxonomy of mycobacteria based on mycolic acid subclasses or molecular species compositions has been well evaluated by Minnikin et al. (14) (15) (16) , Veronique et al. (29) , and also our group (8, 9, 24, 31) . The latter technique is also useful for identification or classification of Mycobacterium, Nocardia, and Rhodococcus species, since mycolic acids are the most characteristic components of these genera and the composition varies greatly by species. Furthermore, we need precise determination of the serotypes of MAI complex isolates, since the serotypes vary widely from host to host (7, 10, 13, 17) . DNA probing seems not necessarily to be suitable for determination of each serotype of MAI, although it is especially useful for grouping of M. avium or M. intracellulare. Actually, serotypes 14, 16, 17, 6, 8 , and 9 were detected in sputa obtained from human patients with pulmonary disease (17, 20) , and serotypes 4 and 8 were detected in patients with acquired immunodeficiency syndrome, mainly in the United States (13, 32) .
On the other hand, Goto et al. (7) isolated 75 strains from swine in Niigata, Japan. Serotypes 8, 9, and 4 were more prevalent in these isolates. In our study also, in Osaka, Japan, 85 of 136 strains were serotype 8 (62.5%), and serotypes 4 (24.3%) and 9 (5.1%) were detected as well. It should be noted that these serotypes may also be opportunistic invaders of human hosts; therefore, they are important epidemiologically.
Extracts of mycobacteria contain many antigens that vary in chemical composition (5) , but most of them showed the antigenic cross-reactivity commonly found in tuberculinactive peptides.
The seroagglutination test (10, 22) using bacterial cells and reference sera was primarily responsible for the recognition VOL. 27, 1989 isolates that were untypeable by seroagglutination, 21 showed clear coincidence and the researchers concluded that ELISA is particularly useful in assessing the antigenicity of lipids. However, it takes a long time to extract alkali-stable whole lipids from clinical isolates after cultivation of bacteria for several weeks.
In our study, we used the alkali-stable pure glycolipid antigen already prepared from standard strains and infected swine sera. These ELISA techniques take only 3 or 4 h. Furthermore, homologous reactivity between GPL antigen and rabbit antiserum was clearly demonstrated. 
